Aims To investigate a virtual assistance-based lifestyle intervention to reduce risk factors for Type 2 diabetes in young employees in the information technology industry in India.
Introduction
Trials, mostly targeting middle-aged adults with impaired glycaemic status, have shown that intensive lifestyle modification can reduce conversion from prediabetes to Type 2 diabetes by almost 50% [1, 2] ; however, these trials were expensive and labour intensive [3, 4] . In recent years 'mHealth' and 'eHealth' have emerged as encouraging tools for health promotion [5, 6] . We investigated the effectiveness of mobile phone and e-mail (virtual assistance)-based lifestyle intervention in reducing Type 2 diabetes risk factors in adults with normoglycaemia at high risk of developing diabetes. We targeted employees in the information technology (IT) industry because they tend to be young technologysavvy adults with a sedentary workstyle, erratic eating habits and high stress levels [7] .
Methods
LIMIT (LIfestyle Modification in IT) was a randomized controlled trial conducted during 2012-2015 in two multinational IT industries in Pune (India).
Participants with ≥3 risk factors (family history of cardiometabolic disease, overweight/obesity, high blood pressure, impaired fasting glucose, hypertriglyceridaemia, high LDL cholesterol and low HDL cholesterol) were included. We excluded those with diabetes, hypertension or lipid abnormalities requiring treatment, major illness and disability restricting physical activity, as well as pregnant women. The study protocol was approved by the Ethics Committee of the King Edward Memorial Hospital Research Centre, and informed written consent was obtained from all participants.
Height, weight, waist circumference and blood pressure (digital monitor) were measured using standardized methods. Plasma glucose, triglyceride, total cholesterol and HDL cholesterol levels were measured using standard kits (coefficient of variation <4%). A pretested questionnaire was used to record demographic details, medical and family history, lifestyle recall (diet, physical activity and substance use) and awareness of diabetes [8] .
Before randomization, all participants attended a 1-h group session on lifestyle modification. Overweight/obese participants were set a target to lose a minimum of 5% of their baseline weight [1] . To achieve this, four lifestyle modification goals were identified based on baseline observations (Table 1 ) and standard guidelines [9] . Written information on diet and physical activity was distributed at the session.
A research assistant not involved in data analysis allocated eligible participants to an intervention or a control group (1:1) using a centrally generated computer randomization scheme [10] . Participants and field staff could not be masked to group allocation but the laboratory staff and statisticians were masked until the end of analysis.
The intervention group received information on lifestyle modification through mobile phone messages (Appendix S1A) and e-mails (Appendix S1B) for 1 year. After a survey of participants' preferences, three mobile phone messages and two e-mails were sent per week between 1000-1300 h; no message was repeated. E-mails contained info-graphics [11] . Participants in the intervention group had additional support through a website (requiring login) and a Facebook page (closed group); they were advised not to share the messages, e-mails or the details of the website and Facebook page to prevent contamination. Of a total of 150 mobile phone messages and 100 e-mails sent, one-tenth requested a reply (Appendix S1A and B). Adherence was calculated based on the response to these requests. We reassessed all the participants every 3 months for anthropometry and blood pressure. Biochemistry, lifestyle recall, diabetes awareness and acceptability of the intervention were measured at 1 year. Adverse events and treatment of intercurrent illnesses were systematically recorded [12] at each follow-up visit.
Outcomes
The primary outcome was prevalence of overweight/obesity (BMI ≥25 kg/m 2 ). Secondary outcomes included change in weight, waist circumference, blood pressure, glucose, lipids, lifestyle choices (physical activity, frequencies of caloriedense and fibre-rich foods, smoking), diabetes awareness score, acceptability and cost-effectiveness of the intervention. We calculated the incremental cost to treat/prevent one case of overweight/obesity within the 1-year trial period [(intervention costs-control costs)*number-needed-to-treat]; we considered only direct medical costs (including research costs).
Statistical analysis
To detect a relative reduction of 25% in prevalence of overweight/obesity between the intervention and control groups (1:1) at 1 year at 5% significance and 80% power, and assuming a drop-out rate of 25%, we required 132 individuals in each group. Analysis was carried out by intention to treat, including all randomized participants. Participants who were lost to follow-up were analysed using the last observation carried forward method.
Comparisons between baseline and subsequent measurements were made using a paired t-test. Differences between the two groups were assessed by ANOVA. McNemar test was used to compare paired proportions. The number-needed-totreat was calculated as the inverse of the absolute risk reduction. Analysis was carried out using SPSS (version 16).
Results
We screened 437 employees for risk factors and identified 265 (60.6%) who had ≥3 risk factors and were randomized. They had a mean age of 36.2 AE 8.0 years and 72.5% were What's new?
• We investigated the effectiveness of virtual assistance in reducing Type 2 diabetes risk factors in young, technology-literate, adults with normoglycaemia who were at high risk of developing diabetes.
• A combination of mobile phone messages (text) and emails (graphics) was used to promote healthy lifestyle behaviours.
• The intervention was effective, cost-effective and acceptable in reducing overweight/obesity and other cardiometabolic risk factors at 1 year.
• Those who achieved a greater number of lifestyle goals experienced greater risk reduction.
• This approach is potentially scalable and holds promise for low-and middle-income countries. men. Control and intervention groups were similar in baseline characteristics (Table 1) . There were a total of 62 drop-outs [intervention group: 28 (21.1%), control group: 34 (25.8%); P for difference between the groups =0.366 ( Fig. 1)] ; job changes, travel and work schedules were the most common reasons. Those who were lost to follow-up were no different from those who continued in the trial with regard to their baseline characteristics (demography, anthropometry and biochemistry).
After 1 year, the number of overweight/obese participants decreased from 104 (78.2%) to 96 (72.2%) in the intervention group (P=0.021), while it increased from 101 (76.5%) to 110 (83.3%) in the control group (P=0.004); risk difference 11.2% (95% CI 1.2-21.1; P=0.042). The number-needed-to-treat/prevent one case of overweight-obesity in 1 year was 9 (95% CI 5-82).
At 6 months, the intervention group had significantly greater reductions in weight [-1.1 (95% CI -1.5, -0.7) vs 0. 3 (95% CI -2.3, -0. 3) vs 0.4 (95% CI -0.8, 1.5) mmHg, P=0.033] compared with the control group. Improvements were sustained at 1 year with the exception of systolic and diastolic blood pressure (Table 1 and Appendix S1C and D). The intervention group had significantly greater reductions in total and LDL cholesterol, and a lower rise in glucose level than the control group at 1 year ( Table 1) . lifestyle goals had a greater reduction in weight (Appendix S1E). Adherence was 84.5% at 6 months (mobile messages: 89.0%, e-mails: 80.0%) and 74.5% at 1 year (mobile messages: 78.0%, e-mails: 71.0%). The average e-mail opening rate was 93% and 88% at 6 months and 1 year, respectively. There were 103 reports of adverse events (intervention group=54, control group=49; P=0.562) during the study period; none of them were thought to be attributable to the intervention.
The intervention was well received; 98% of participants opted for a continuation of the virtual assistance, while 96% would recommend it to family and friends.
Over 1 year, the direct medical cost of the intervention was INR 2216 (£23.30) per participant in the control group, and INR 3401 (£35.80) in the intervention group (Appendix S1F). Thus the incremental cost of treating/ preventing one case of overweight/obesity in 1 year was INR 10665 (£112.30).
Discussion
The findings of the present study show a high burden of risk factors for Type 2 diabetes and cardiovascular disease in young Indian employees in the IT industry. Virtual assistance-based lifestyle intervention in these high-risk employees reduced the prevalence of overweight/obesity significantly, and led to improvements in waist circumference, and total and LDL cholesterol levels at 1 year. Those who achieved a greater number of lifestyle goals experienced a greater risk reduction. Virtual assistance through mobile messages and e-mails was an acceptable method to deliver advice.
The observed weight reduction, although small, was similar to that reported in other pragmatic lifestyle interventions [13] . In the Diabetes Prevention Programme, every 1 kg of weight loss was associated with a 16% reduction in the risk of incident diabetes [14] . On this background, the observed weight reduction (~1 kg) may be meaningful, particularly at population level. Our intervention also reduced other cardiovascular risk factors. The beneficial effects persisted at 1 year of intervention duration. The only Indian trial studying effectiveness of mobile phone messaging on prevention of diabetes [15] reported lower cumulative incidence of Type 2 diabetes, but no significant effect on weight. Similarly to the present findings, mobile phone messaging was found to be an acceptable method to deliver lifestyle advice.
The cost in the present study was relatively low for treating/preventing one case of overweight/obesity in a highrisk population in 1 year, and is likely to be lower in nonresearch population settings. Other advantages of our approach include the non-invasive nature of the intervention, relative ease of administration, and low numbers of staff required for delivery.
Given the rapid growth of the IT sector in India and the high burden of risk factors in these professionals, lifestyle advice through virtual assistance may be an efficient and potentially scalable intervention in this technology-literate population. Such interventions may also be applicable to other workplace settings in promoting healthy lifestyle. The number of mobile phone and internet subscribers in urban as well as rural parts of India is increasing exponentially [16] , including amongst children [17] , and virtual assistance may be useful for health promotion generally. This will also apply to other low-and middle-income countries [18] , where mobile technology is making rapid inroads.
